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ABSTRACT

The paper reviews the knowledge related to the possible relationship of somatic cell counts to udder health and milk yield
in dairy ewes. It attempts to point out the epigenetic and genetic aspects of udder health, methods for diagnostic of mastitis and
pathogens involved. The possible physiological level of somatic cell counts (SCC) to establish the limits for ewe’s milk are
discussed. Data from the worldwide research are compared with limited results obtained in Slovakian dairy practice. Globally,
applied research has focused on understanding of the relationship between SCC and mammary gland health through the presence
of microorganisms. Many milk samples with high SCC are microbiologically negative, underlining the importance of research
at the molecular level. Limits for SCC indicating health problems of ewe’s udder are not yet established but during the last
decades the proposal for limits decreased with time. Most paper considered 0.5 x 10° cells.mL™! or below for healthy udders. Data
obtained from bulk milk showed that only 7.3 % of the samples were in the category below 0.5 x 10 cells.mL"! under Slovakian
conditions. Possible genetic and epigenetic factors are discussed in this paper in relation to SCC. The identification of a genetic
marker(s) that allows the inclusion of mastitis resistance in selection programmes would help to reduce the economic impact due
to this disease. Subclinical mastitis is considered as a limiting factor for milk production. Several works have been published
which presented a negative correlation between SCC and milk production.
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INTRODUCTION

Sheep milk production is currently the main
breeding aim of many agricultural farms and privately-
employed farmers in many countries. Milk plays
a crucial role in the economy of cooperatives and farms.
The price of milk is affected, not only in the current
situation, by the sheep milk market, but it is significantly
influenced by the breeders. On the farmer‘s side, there are
legislative limits for the total number of microorganisms
in the milk delivered, which cannot exceed. Equally

important contributions of breeders are also hygienic
safety of the milk for the consumers, especially
in the marketing of milk and milk products directly
sold on the farm. Some microorganisms found in milk
may be a source of human health hazard (zoonoses),
for example, Staphylococcal enterotoxins (Holeckova
et al., 2004) which are not completely degraded in milk
and milk products after pasteurization (Asao et al.,
2003). Total microorganisms in the delivered raw milk
indicate the overall milking hygiene level and pathogenic
species present in the milk thus representing the udder
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health status (Philpot and Nickerson, 1991). Moreover,
microorganisms and udder health status adversely affect
the technological qualities of the milk in its further
processing (Leitner et al., 2004). Recently, improvement
in the overall immune responsiveness of the dairy cow
including mammary gland against mastitis through
the genetic and epigenetic factors has been believed
to play a crucial role in providing better disease resistance,
increasing animal welfare and food quality while
maintain favourable production level to feed a growing
population (Thompson-Crispi ef al., 2014).

The aim of this paper was to review the knowledge
related to the possible relationship of somatic cell counts
(SCC) to udder health and milk yield in dairy ewes. This
work also attempts to point out the epigenetic and genetic
aspects of udder health, methods for diagnosis of mastitis
and pathogens involved.

Udder health status

The microorganisms present in the mammary
gland represent one of the most serious diseases in dairy
animals, called mastitis. The reaction of the body of
ewes to the presence of microorganisms in the mammary
gland is the transfer of blood white blood cells (somatic
cells) into the milk. Diagnosis of mastitis is carried
out by various methods, which differ in reliability,
cost and complexity. The most common methods
for mastitis detection in ewes are assessed on the basis
of setting the number of somatic cells (SCC), bacteria
culturing (McDougall et al., 2001; Contreras et al., 2007,
Fragkou et al., 2014) and palpation of the udder
(Marogna et al., 2010). Currently, real-time PCR is
going to be intensively used for the diagnosis of mastitis
pathogens (Zadoks et al., 2014). More than 30 %
of the samples from clinical and subclinical mastitis
in dairy cows appear negative for the identification
of pathogens during culturing (no growth
of microorganisms). This situation is problematic
for all stakeholders such as laboratories, farmers and
veterinarians, which highlight the need for real-time PCR
methods (Taponen et al., 2009).

In addition to total SCC, various researchers have
taken into consideration the presence of various types
of white blood cells in the milk that may be related
to the type of microorganisms in the udder, which
allows to further specify the response of the body
to the presence of various bacterial species (Ariznabarreta
et al., 2002; Bagnicka et al., 2011; Leitner et al., 2012).
The knowledge of the art of mastitis in dairy ewes is
in high demand at present because it is clearly confirmed
that ,,sheep are not small cows* (Zadoks et al., 2014),
because many pathogens are different from those that
cause udder disease in dairy cows (Cuccuru et al.,
2011;Gilchrist et al., 2013).

Physiological level of somatic cells in milk

At present in our country and across the world,
individual as well as bulk samples of sheep milk are
normally not analyzed for the presence of somatic cells,
because the payment for the milk according to SCC is
not implemented. This is due to the lack of objectively
clarified factors and relationships that affect milk SCC
in terms of physiological and pathological aspects
(Fragkou et al., 2014) despite the known fact that
SCC is related to the presence of microorganisms
in the mammary gland (McDougal et al., 2002; Suarez
et al., 2002). In addition to the above mentioned reason,
the determination of SCC is expensive for breeders
of ewes (Adrias et al., 2012).

Across the world, applied research is focused
on understanding of the relationship between SCC
and mammary gland health through the presence
of microorganisms. Many milk samples with high
SCC are microbiologically negative, underlining
the importance of research at the molecular level (Zadoks
et al., 2014). At the physiological and pathophysiological
level the SCC limit ranged from 0.25 to 1.0 x10° cells.mL"!
in the 80s, and the SCC for healthy udders was proposed
at 0.5 x 10° cells.mL"! (Gonzalo and Gaudioso Lacasa,
1985). In a later work, Berthelot et al. (2006) reported
healthy ewes with SCC below 0.5 x 10° cells and infected
udders with SCC greater than 1 x 10° cells.mL"!, while
at the herd level, if SCC exceeded 0.65 x 10° cells.mL,
they indicated up to 15 % occurrence of mastitis.
In determining relationship to milk production,
Arias et al. (2012) recommended the limit value
of 0.3 x 10°cells.mL". In our work with 2,632 milk
samples at the Experimental station, we have observed
an increase of the proportion of ewes with SCC below
0.1 x 10° cells.mL" from 31 % in 2010 to 56 % in 2013,
and a decline in proportion of ewes with SCC less
than 1 x 10° cells.mL" from 21 % in 2010 to 12.5 %
in 2013 (Idriss et al., 2015). Recently in Tsigai ewes
under practical conditions only 13 % of ewes had over
0.6 x 10°¢ cells.mL"! (Vrskova et al., 2015). Another
study from our experimental farm reported an average
of 0.45 x 10° cells.mL"! with high variation coefficient
(Margetin et al., 2005, 2013). Earlier results published by
Margetin et al. (1995; 1996) depending on year of study
were 0.364 x 10° cellsmL"(1993) and 1.1 x 10° cells.mL""!
(1994) SCC during the period of suckling and milking
but the data were obtained only from less than 50 animals
per year. Available data from Slovakia indicate relatively
good udder health of ewes but represent only very limited
numbers of animals and farms. Riggio et al. (2013)
stated that in uninfected Valle del Belice ewes, 83.7 %
of the samples were in the category below 0.5 x 10° cells.
mL" and only 2.6 % above 1 x 10° cells.mL"!. Similarly,
a high percentage of samples with bacteriologically
negative milk were in the following categories of SCC:
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64.5 % had less than 0.05 x 10° cells.mL!, 81.9 % had
less than 0.25 x 10° cells.mL!, and 92.4 % had less than
0.5 x 10° cells.mL"! (Pengov, 2001). Therefore the author
considered the threshold of 0.25 x 10° cells.mL"! beyond
the assessment of udder health.

In spite of the very good udder health in selected
farms reported by Idriss et al. (2015) and Vrskova et al.
(2015) the health of udder in Slovakian sheep farms
seems to be much more complicated and difficult.
The bulk milk analysis of 1086 samples from March
to August revealed that only 7.3 % of the samples were
in the category below 0.5 x 10° cells.mL"! (Tomaska et al.,
2015). In last mentioned report 49 % of samples were
over 1x 10° cells.mL"! which deserves more detailed
research in mastitis control in dairy practice in Slovakia.
In general Slovakian breeders do not test for SCC
in ewes’ milk, and have no information about the health
status of the mammary glands and thus the potential
risks of the sale of raw unpasteurized sheep milk and
sheep milk products to consumers’ health. Farmers lack
information on risks of breeding environment for udder
health, including economic losses caused by mastitis.
Even though SCC as an indicator of udder health
and milk quality is not part of pricing milk, countries
with high level of sheep breeding pay considerable
attention to udder health (Leitner et al., 2012; Fragkou
et al., 2014). Research in these countries is aimed
to improve the health of the animal‘s mammary gland,
resulting in improved economy of breeding ewes,
the competitiveness of enterprises and production
of hygienically and nutritionally better milk quality.
Slovakia is also considered as the country with well-
developed traditional sheep breeding, which requires
more intensive research in the production of safe and
hygienic raw sheep milk in primary production. Such
research will also contribute to a more effective breeding
of dairy ewes.

Classification of mastitis

In terms of the most common occurrence of
mastitis, in practice, this disease can be divided into
clinical and subclinical mastitis. Clinical mastitis is
quickly detected by the breeders on the basis of clinical
symptoms, such as painful udder, edema and changes
in the consistency of the milk (Marogna et al., 2010),
where the producer may use such symptoms for disposal
of such milk from delivering into the dairy and in
terms of the risk of microbial contamination, also from
the food chain. More detrimental to the sheep breeding
are subclinical mastitis, which do not show any clinical
signs at the udder and milk level. Subclinical mastitis
negatively influences cheese yield and its quality
(Silanikove et al., 2014). Moreover, such milk is not
only a source of pathogens but also their byproducts -
toxins (Asao et al., 2003), which have been confirmed

in our conditions (Holeckova et al., 2004; Maslankova
et al., 2009; Zigo et al., 2014). The finding that
the subclinical mastitis is the most widespread
in the breeding system of ewes is also important
(Bergonier et al., 2003; Leitner et al., 2004). In farms
with a good management, the incidence of clinical
mastitis is below 5 % (McDougall et al., 2001), but
subclinical mastitis have been detected at 15-40 %
of the ewes (Kiossis, et al., 2007, Contreras et al.,
2007).

Mastitis pathogens

As indicated above, subclinical mastitis is
a limiting factor for milk production. Several works
have been published which present a negative
correlation between SCC and milk production (Fuertes
et al., 1998, Gonzalo et al., 2002). Major pathogens
(infectious;  Staphylococcus — aureus, Streptococcus
agalactiae, Mycoplasma) cause a significant increase
in SCC and decline in milk production compared
to minor microorganisms (Gonzalo et al., 2002; Riggio
et al., 2013). On the other hand, minor microorganisms
(environmental; the most common coagulase negative
staphylococci - CNS) are the predominant organisms
in the milk of ewes in the herd (Gonzalo et al., 2002;
Kiossis et al., 2007; Pilipéincova et al., 2010; Marogna
et al., 2010, Bagnicka et al., 2011) and deserve deeper
attention (Leitner er al., 2012). In farms of eastern
Slovakia, Pilipincova et al. (2010) analyzed the presence
of CNS species in individual ewe’s milk from farms
with mostly hand-milking (94.5 %), which differed
significantly from the species present in cow milk
(Zadoks and Watts, 2009). Specification of CNS
species increases the effectiveness of different control
treatments against mastitis (Ruegg, 2009). Significant
differences in detection of different CNS species
between regions in Slovakia (PilipCincova et al., 2010)
and in other countries (Mavrogianni et al., 2007), as well
as the specific presence of microorganisms in sheep milk
versus cow milk (Zadoks et al., 2009) suggest the need
for a deeper analysis of mastitis pathogens in ewes
in Slovakia and the identification of risk factors of external
and internal environment. Microscopic fungi and yeasts
play a certain role in the infection of the udder of dairy
cow(Scaccabarozzi et al.,2011; Idriss et al., 2013), which
draw little scientific attention in sheep milk.

Mastitis and milk yield

The health status of the mammary gland,
manifested by increased SCC is under considerable
attention of researchers also in relation to the drop
in milk production. Negative phenotypic correlation
between SCC and milk production in different breeds
was reported by several authors in Manchega ewes
(Adrias et al., 2012) and in Churra ewes (Gonzalo ef al.,
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2002). Spanik et al. (1996) calculated the negative
correlation between SCC and the yield in the experimental
herd. Negative significant correlation between SCC and
milk production in Tsigai ewes during both suckling and
milking period was also found out by Margetin et al.
(1996). Recently we have reported non-significant
reduction of milk yield with increasing SCC in Tsigai ewes
(Vrskova et al., 2015). The differences in performance
between ewes with SCC above and below 0.3 x 10° cells.
mL" increased during lactation (Adrias et al., 2012).
The authors also found that ewes with twins had a higher
proportion of samples with SCC above 0.3 x 10° cells.mL",
but also higher milk production than ewes with one
lamb (Adrias et al., 2012). Similarly, Olives et al. (2013)
noted a lower milk production of infected udder by 16 %
during 7 weeks of lactation, and in comparing the two
halves of the udder, healthy udder-half compensated
for the loss of the second half by up to 6.6 %. Similar
reduction of milk yield between two quarters in the same
front/rear position with different SCC was also reported
in cows (Tan¢in and Uhrinc¢at’, 2014).

Possible genetic markers

The identification of a genetic marker(s) that
allows for the inclusion of mastitis resistance in selection
programmes would help reduce the economic impact
due to this disease. However, the selection of a candidate
gene is a difficult task because mastitis is a complex
disease influenced by many genes and environmental
factors. Problems associated with breeding directly
for mastitis resistance also include its low heritability,
ranging from 0.02-0.10 (Nash et al., 2000).
With the recent development of extensive high-
throughput genomic tools research efforts have
increasingly turned to identifying single nucleotide
polymorphisms (SNPs) associated with resistance
as well as quantifying the genetic control
of the host-pathogen interaction (Rupp and Foucras,
2010). The solutions to improve resistance to mastitis
are likely to be those that focus on information from
genome — wide association studies (GWAS), or selection
based on breeding values of immune responses, which
take into account complex genetic interactions between
the innate and adaptive host defense mechanisms
without the necessity of knowing all about ecach
individual gene. These approaches may be best suited
to help alleviate mastitis, at least until we gain more
knowledge about genetic and epigenetic regulation
of host defense mechanisms.

Major  histocompatibility complex (MHC)
plays an important role in immunological defense
against pathogens. MHC is a group of genes on a
single chromosome that codes the MHC antigens and
includes two major subfamilies: class I and class II
genes. MHC molecules that function in the recognition

event, which is termed “antigen presentation”, are
polymorphic glycoproteins found on cell membranes.
The MHC participates in the development of both
humoral and cell mediated immune responses.
The general consensus is that these genes may be useful
as genetic markers of a higher or lower risk of mastitis
in cows (Conington et al., 2008).

In sheep, MHC is located on chromosome 20
and is called Ovar (Hediger ef al., 1991). A complete
ovine MHC sequence map was assembled by successful
shotgun sequencing of 26 overlapping BAC clones
(Gao et al., 2010). The MHC of sheep and cattle share
orthologous class II DR and DQ A and B loci with rodents
and primates. A single dominant and highly polymorphic
DRB locus encoding the beta chain of the MHC class 11
DR heterodimer has been described in domestic sheep
Ovar-DRB1 (Scott ef al., 1991). The detailed genomic
organization and allelic diversity of Ovar-DRBI1 locus
has been described (Ballingall et al., 2008). Recently,
unusual allelic diversity has also been identified
at the DRA locus in domestic sheep (Ballingall et al.,
2010). Several studies have shown the existence of ovine
class II loci that are homologous to HLA-DQOB
(Dukkipati et al., 2006). As in other vertebrate species,
a high degree of polymorphism is found in the Ovar-
DQB genes, with most of the polymorphic sites located
in exon 2, which encodes for the antigen-binding site.

It has been reported that alleles of different MHC
genes correlate with disease resistance in sheep. Currently,
relevant research on Ovar genes’ polymorphism and
disease resistance or susceptibility mainly concentrates
on Ovar-DRB1 and Ovar-DOB. Herrmann-Hoesing
et al. (2008) detected that Ovar-DRB]1 alleles contribute
as a host genetic factor controlling ovine pneumonia
provirus levels. Larruskain ef «l (2010) found
a significant association of Ovar-DRB] alleles with resistance
to Maedi-Visna and pulmonary adenocarcinoma
viruses. Recently, Shen et al. (2014) have shown that
polymorphism in Ovar-DRB1/DQB1 can be used
as a marker of resistance to Echinococcosis in Chinese
Merino sheep.

Epigenetic factors

Udder disease is affected by a number of external
environmental factors (management, manner of milk
removal and milking technology, season) and internal
factors (physiological status of the body, like stage and
order of lactation, oestrus, udder shape and response
of ewes to milking, condition) (Raynal-Ljutovac et al.,
2007). Other important factors include the overall level
of husbandry and management aimed to reduce the risk
of mastitis, such as drying ewes that are treated with
antibiotics (Shwimmer et al, 2008; Spanu et al,
2011) and in particular the routine of machine milking
(Leitner et al., 2008). The milking routine must be based
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on biological needs of ewes for machine milking and
both from the morphological as well as physiological
aspects (Macuhova et al., 2008, 2012; Tancin et al., 2011,
Antoni¢ et al., 2013b). Our results from several farms
showed that ewes bred in Slovakia have a relatively
poor response to machine milking, which is observed
as retention of milk in the udder. Holding of the milk
in the udder reduces milk production (Silanikove et al.,
2010) and increases the risk of disease of the udder.
It is very important to further specify the state of health
of the mammary gland of ewes bred in Slovakian
conditions. Furthermore, to assess the impact of manner
of milk removal (hand, machine) on udder health
in relation to breed, functionality and parameters
of milking equipment, ewes age, stage of lactation,
milking frequency, number of lambs, organization of work
in the milking process and the overall level of farming
must be studied. We earlier reported an increased risk
for udder health-related to weaning lambs and ewes
adaptation to machine milking (Antoni¢ et al., 2013a),
and changes in conditions of milking (Kulinova et al.,
2012; Jackuliakova et al., 2014; Tancin et al., 2015).
It seems that hand milking induces more udder infection
than machine milking and the type of milking equipment
(mobile and stationary) plays a role in the risk of
mastitis as well (Marogna et al., 2010). More frequent
health problems of udder for milking with mobile
devices compared with stationary ones have been noted
by Marogna et al. (2010), which justify the worse
parameters of mobile milking equipment (vacuum
stability, frequency pulsations, activity of liner).
The transition from extensive to intensive dairy sheep
farming system also brings more infections caused
by environmental pathogens (Marogna et al., 2010).
In Slovakian conditions these were not studied though
many changes have taken place in milk removal systems
in dairy practice in Slovakia.

The completeness of udder emptying and speed
of milking of cows are considered among the most
important indicators of the impact of technology
on milk removal and handling of dairy animals (Tancin
and Bruckmaier, 2001), which demonstrate not only
the welfare of the animals during milking, but are one
of the important reactions of the organism in reducing
the risk of udder disease (Tancin et al., 2006, 2007).
Although ewes have certain differences in milk
distribution in the udder as compared to dairy cows, it is
likely that the speed and completeness of milking to keep
good udder health is equally important. Thus, intense
transition from hand to machine milking of ewes under
practical conditions of Slovakia deserves serious research
on the prevention of udder diseases.

CONCLUSIONS

From the above mentioned information it could
be concluded that without the knowledge related to udder
health and possible risk factors of breeding systems
in dairy practice in Slovakia, it would not be possible
to further improve the development of sheep breeding
in the country, where sheep are considered to be of high
importance for animal production, sustainability
of countryside and production of special milk products.
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